Background: Lower mortality among migrants than in the general population has been found in many, but not in all, previous studies. The mortality of migrants has not been studied in Finland, which has a relatively small and recent migrant population. Methods: People who were born abroad and whose mother tongue is not Finnish were identified from the Finnish Central Population Register (n = 185 605). A Finnish-born control matched by age, sex and place of residence was identified for each case (n = 185 605). Information about deaths was collected from the Finnish Causes of Death Register. Cox proportional hazards model was used for assessing the association between migrant status and death in 2011-13. Results: The mortality risk was found to be significantly lower for migrants than for Finnish controls (adjusted hazard ratio 0.77, 95% CI 0.72-0.84), both for migrant men (aHR 0.80, 95% CI 0.73-0.89) and women (aHR 0.78, 95% CI 0.70-0.88). The difference was statistically significant only among people who were not married and among people who were not in employment. There was variation by country of birth, but no migrant group had higher mortality than Finnish controls. No differences in mortality were found by duration of residence in Finland. The higher mortality of Finnish controls was largely explained by alcoholrelated conditions and external causes of death. Conclusions: The mortality risk of migrants is lower than of people who were born in Finland. Possible explanations include selection and differences in substance use and other health behaviour.
Introduction
M igrant populations and their countries of origin and residence are heterogeneous and there is no universal pattern in their mortality. Lower overall mortality among migrants compared with native population has been reported in studies conducted in various countries including Norway, 1 Spain, 2 France, 3 USA 4 and New Zealand, 5 whereas increased mortality was found among migrants in Sweden. 6 Wallace et al. 7 categorized the main hypotheses for low migrant mortality observed in many countries as follows: selective migration-known as the healthy migrant effect, more favourable health behaviour among migrants, and data artefacts such as registration errors including under-registration of emigrations and deaths.
Even results from neighbouring Nordic countries cannot be generalized in Finland. First, the mortality of Finnish men at working age is somewhat higher than in other Nordic countries and deaths caused by suicides, accidents and alcohol-related causes are more common. 8 Second, the number of migrants is low compared with most Western European countries. The proportion of foreign-born people of the population was 5.9% in 2014. 9 The most common reasons for immigration have for a long time included family relations, working and studying. 10, 11 People migrating because of humanitarian reasons have been in a minority but the number of asylum seekers increased rapidly in 2015. 12 There is very little information about mortality among migrants compared with people who were born in Finland. A study restricted to migrants from Russia or former Soviet Union found that their mortality was lower compared with Finnish-born people in 1987-
2007
. 13 A study focusing on the residents of the capital city Helsinki found lower mortality among those whose native language was other than Finnish in 2000-2014. 14 The aim of this study is to compare the mortality among Finnishborn and foreign-born people in Finland by their region of origin and cause of death.
Methods
This is a register-based cohort study on mortality. The study protocol was approved by the Ethics Committee of the National Institute for Health and Welfare (THL) in Finland (589/2013) , and the data-keeping organisations authorised the use of their confidential register data in this study.
Sample
People who were born abroad and whose mother tongue is not Finnish were identified from the Finnish Central Population Register (FCPR), a national register that contains basic information about Finnish citizens and permanent residents in Finland. It also includes the dates of immigration and emigration. The participants had to be at least 15 years old, alive and resident in Finland on 31 December 2010. A Finnish-born control matched by age, sex and place of residence was identified from the FCPR for each case. The number of both migrants and their Finnish-born controls was 185 605 leading to a total sample size of 371 210.
Information on immigration
To compare mortality between Finnish-born participants and migrants from different regions, two regional classifications were used. The first classification was based primarily on geographical factors, but socioeconomic factors were also considered. The grouping reflects the regional pattern of migration to Finland. This classification was primarily based on the country of birth, but for 1175 foreign-born participants this information was missing. The mother tongue, however, was known for most of them and it was possible to classify 1083 participants on the basis of language. Those whose mother tongue was unknown (n = 35) or is geographically very widely spoken (n = 57) (English, French, Spanish and Portuguese), were excluded from the regional analysis. The categories were (i) Finland, (ii) Other Nordic countries, (iii) Russia and former Soviet Union, (iv) Other Western countries [members of European Union (EU) and/or European Economic Area (EEA), Switzerland, USA, Canada, Australia and New Zealand], (v) Eastern Europe (former Eastern European countries which are not members of EU), (vi) North Africa and Middle East, (vii) Sub-Saharan Africa, (viii) Asia, (ix) Other countries (mostly Latin American countries and Pacific Islands). The second regional classification was based on the Human Development Index (HDI) by the United Nations Development Programme. 15 It is calculated on the basis of life expectancy and the level of income and education in different countries. Countries of birth (or mother tongues if the country was unknown, but could be identified on the basis of language) were classified into the following categories based on the Human Development Report 2015 16 (or the income classification by World Bank 17 if HDI was unavailable): (i) Finland (reference), (ii) very high human development, (iii) high human development, (iv) medium human development and (v) low human development. However, mortality rates in categories very high and high as well as medium and low were very similar and thus only two categories, 'very high and high' and 'medium and low', were used. There were 1204 participants who could not be classified using this categorisation.
To compare the mortality between Finnish-born participants and migrants with varying durations of stay in Finland, a categorical variable with four levels was used: (i) Finnish, (ii) Migrant, moved to Finland less than five years before the beginning of the study, (iii) Migrant, moved to Finland 5-15 years before the beginning of the study, (iv) Migrant, moved to Finland more than 15 years before the beginning of the study. This information was missing for 17 162 migrants (9.2%), because their exact date of immigration was unknown or illogical.
Information on mortality
Information on the dates and causes of death that occurred between 1 January 2011 and 31 December 2013 was obtained from the Finnish Causes of Death Register (FCDR), a national register maintained by Statistics Finland. Information on the cause of death is based on a death certificate that is completed by the treating medical physician or by the physician responsible for the investigation, or by a forensic pathologist if a forensic autopsy is requested by the police. 18 All death certificates are reviewed by the medical examiners at THL before they are registered at Statistics Finland. 18 The Finnish system of death reporting has been rated as very high quality. 19 The causes of death are classified following the International Classification of Diseases (ICD-10). The reliability of the FCDR is considered to be high 20 and the proportion of unknown causes of death is very low. 21 Autopsy rate in Finland is about 24% of all deaths. 8 Among the 3185 deaths (1351 migrants and 1834 controls), there were 96 cases (85 migrants and 11 controls) with an unknown cause of death (ICD-code R99 or R999). Their original death certificates were requested from Statistics Finland. It was found that all of them had died abroad and in most cases their body had not been brought back to Finland. In these cases the information received from the country of death had been so limited that a Finnish forensic doctor could not confirm the cause of death.
There were also 78 cases (68 migrants and 10 controls) without a death certificate.
Causes of death were classified to two main categories: (i) diseases and medical conditions and (ii) external causes of injuries and poisoning. The first category included neoplasms (ICD-10 codes C00-D48), cardiovascular diseases (I00-I425 and I427-I99), alcohol-related diseases and accidental poisoning by alcohol (F10, G312, G4051, G621, G721, I426, K292, K70, K852, K860, O354, P043, Q860, X45) and other diseases and medical conditions (all other codes in A00-R99). Deaths from external causes of injuries and poisoning included accidents (V01-X44, X46-X59, Y10-Y15 and Y85-Y86), suicides (X60-X84, Y87.0) and other external causes (X85-Y09, Y87.1, Y16-Y84, Y87.2, Y88-Y89), but excluded accidental poisoning by alcohol (X45).
Covariates
The sociodemographic factors included in the adjusted analyses were age, socioeconomic status (SES) and marital status at the beginning of the study. The information about age and marital status was retrieved from the FCPR and information about SES was provided by Statistics Finland. Age was used as a continuous variable. Marital status was used as a three-categorical variable: unmarried, married or in a registered partnership and other (including those who were widowed, separated or divorced). The SES variable provided by Statistics Finland is primarily based on occupation, but information on the person's main type of activity, status in occupation, nature of work and stage in life was used as well. 22 In this study, a fivecategorical variable was used: entrepreneurs, upper white-collar workers (e.g. leaders and experts), lower white-collar workers (e.g. office workers), blue-collar workers (people doing manual work) and others (people not in employment such as students, housewives and unemployed people). Information on education could not be used, since the Finnish Register on Education only includes exams completed in Finland, and thus, no information is available for most migrants.
Statistical analysis
Cox proportional hazards model was used for assessing the association between immigration status and time to death. The follow-up started on 1 January 2011 and ended on death, emigration from Finland or 31 December 2013 (whichever came first). The strength of the associations was quantified using hazard ratios (HR) with 95% CI. Unadjusted analyses were conducted first and they were followed by adjusted analyses, which included selected covariates. Finnish-born controls were used as the reference group in all analyses. Stratified analyses were conducted to study if the association between immigration status and time to death is modified by sex, SES or marital status. P values below 0.05 were considered statistically significant in all analyses. The statistical analyses were conducted using SPSS version 22.
Results
During the study period, there were 3185 deaths (0.86%). Of these, 1351 were among migrants (0.73%) and 1834 among Finnish controls (0.99%) ( Table 1 ). The mortality risk was found to be significantly lower for migrants than for Finnish controls (unadjusted HR 0.75, 95% CI 0.70-0.81), both for migrant men (HR 0.71, 95% CI 0.64-0.77) and migrant women (HR 0.82, 95% CI 0.74-0.92). When adjusted for age, marital status and SES, the HR for the migrant population was 0.77 (95% CI 0.72-0.84) in the total sample, similar for men 0.80 (95% CI 0.73-0.89) and women 0.78 (0.70-0.88).
When stratified by marital status, the mortality risk for migrants was significantly lower among unmarried (aHR 0.56, 95% CI 0.45-0.70) and divorced, separated or widowed participants (aHR 0.75, 95% CI 0.67-0.85), but it did not differ between migrants and Finnish controls among participants who were married or in a registered relationship (aHR 0.94, 95% CI 0.84-1.06) ( Table 1) . When stratified by SES, the mortality risk for migrants was lower compared with Finnish controls only among 'others', which mostly included people not in employment. The adjusted HR was 0.76 (95% CI 0.70-0.83). No statistically significant differences were found in any of the other socioeconomic groups.
The regional analysis showed great variation in the mortality risk (Table 2) When the migrant population was categorized by the time since arrival to Finland (Table 3) , all groups had a significantly lower mortality risk than Finnish controls when adjusted for age, sex, SES and marital status, and the adjusted HRs were similar: 0.67 (95% CI 0.56-0.81) among those who had arrived less than five years ago, 0.86 (0.77-0.96) among those who had arrived 5-15 years ago and 0.79 (0.70-0.88) among those who had arrived more than 15 years before the beginning of the study.
Analyses by the main causes of death are shown in Table 4 . Deaths due to diseases and medical conditions were less common among migrant men (aHR 0.79, 95% CI 0.71-0.89) and migrant women (aHR 0.74, 95% CI 0.65-0.85) than among Finnish controls. Among migrant men, deaths caused by alcohol-related diseases in particular were significantly less frequent (aHR 0.30, 95% CI 0.20-0.46). Among migrant women, deaths caused by alcohol-related diseases (aHR 0.27, 95% CI 0.14-0.51), and also by neoplasms (aHR 0.76, 95% CI 0.62-0.94) and other diseases (excluding the above mentioned conditions and cardiovascular diseases) (aHR 0.62, 95% CI 0.48-0.80) were less common than among Finnish women. External causes of death were less common among migrant men than Finnish controls (aHR 0.53, 95% CI 0.40-0.71), whereas the difference between migrant women and Finnish women was statistically insignificant when all external causes were combined (aHR 0.71, 95% CI 0.47-1.08). Significantly lower rates of deaths caused by accidents (aHR 0.58, 95% CI 0.40-0.86) and suicides (aHR 0.51, 95% CI 0.33-0.80) were found among migrant men compared with Finnish men. Among migrant women, deaths caused by suicide were less common than among Finnish women (aHR 0.34, 95% CI 0.16-0.71). 
Discussion
The mortality of foreign-born men and women in Finland was found to be lower than among Finnish-born controls in 2011-13. However, the difference was statistically significant only among people who were not married and among people who were not in employment. The regional analysis showed that mortality is lower particularly among men from Africa, Middle East and Asia and among women from Russia and Soviet Union, North Africa and Middle East and Asia. No migrant group had higher mortality than Finnish-born controls. When the HDI was used, it was found that the mortality is lowest both among men and women from countries with medium or low human development, but it is also lower among migrants from very high and high HDI countries than among Finnish-born controls. Duration of residence in Finland did not affect mortality. Deaths caused by alcohol-related diseases and suicide were particularly more common among the Finnish-born population than among migrants. The finding that mortality is lower among migrant population may seem unexpected, but this paradoxical finding has been shown in many previous studies as well.
1-5
The healthy migrant effect hypothesis is based on the assumption that the ones who are willing and able to migrate are healthier than those who stay in their home country. This selection leads to better health outcomes and lower mortality in the migrant population than expected by their country of origin. At least a few studies conducted in Ireland and England, 23 Indonesia 24 and China 25 have tested the hypothesis and partially supported it. The healthy migrant effect is a possible explanation for the findings of the current study. Many migrants from high-income countries migrate to Finland because of studies or work, which are activities that require a rather good level of health and life management. For asylum seekers, the actual journey is often physically and mentally very demanding and it may be realistic only for people without severe health problems. So-called quota refugees, selected by the United Nations High Commissioner for Refugees, may represent more vulnerable population groups, but the quota in Finland has been less than one thousand persons annually until 2014. 26 The lower mortality among migrants from countries with low development may also be related to health behaviour. It has been suggested that recently immigrated migrants have more favourable health behaviour, but it becomes less favourable during acculturation and particularly in the next generation. 27, 28 It has even been hypothesized that migrants from low-income countries moving to countries with a higher level of living standards may have the optimal constellation of low mortality from infectious diseases and maternal causes that are common in their country of origin, and at the same time a low risk of slowly developing health problems such as cardiovascular diseases that are highly prevalent in the host country. 29 In the current study, length of stay did not affect mortality risk among migrants.
Information about health behaviour and prevalence of chronic diseases among migrants in Finland has recently been collected in two large studies. A study focusing on Russian, Kurdish and Somali migrants included an interview, a questionnaire survey, a health examination and laboratory examinations. 30 In this study, hypertension and hypercholesterolaemia were less common among Somali and Kurdish migrants than in the general population, but obesity HR, hazard ratio; aHR, adjusted hazard ratio. Ã: P < 0.05, ÃÃ: P < 0.01, ÃÃÃ: P < 0.001. a: Adjusted for age, SES and marital status. and lack of physical exercise were more common particularly among Somali and Kurdish women, and anaemia and vitamin D deficiency in all migrant groups. 30 Another large survey covered a more representative sample of migrants in Finland, but relied only on selfreports. 11 Migrant groups differed in their health behaviour. For example, men from most migrant groups reported daily smoking more often than Finnish men, whereas women from several migrant groups smoked less than Finnish women.
11,30
A well-known risk factor of many health problems and increased mortality among Finnish people is alcohol use. Many deaths particularly among Finnish men in this study were registered as directly caused by or related to alcohol, and alcohol probably contributes to many other premature deaths caused by diseases and external causes. Migrant populations use alcohol much less than the general Finnish population. 11, 30 Alcohol-related mortality among Finnish men with low educational level is particularly high. 31 Especially early onset problem drinking that continues after young adulthood substantially increases the likelihood of not being in education or in employment in Finland. 32 This may be one reason why the difference in mortality between migrants and Finnish HR, hazard ratio; aHR, adjusted hazard ratio. Ã: P < 0.05, ÃÃ: P < 0.01, ÃÃÃ: P < 0.001. a: Adjusted for age, SES and marital status.
controls in this study was particularly large among people not in employment.
In addition to alcohol-related mortality, suicide was a cause of death that was more common among Finnish-born controls. Previous studies have shown that there is a positive correlation between suicide rates in migrant populations and in their countries of origin, and both genetic and sociocultural factors have been suggested to explain this. 33, 34 This is in line with the findings of this study since most migrants to Finland originate from regions with significantly lower suicide mortality, with the exception of Russia and Eastern Europe. 35 One possible explanation for the lower mortality among migrants is the underestimation of deaths because of unregistered emigration. Migrants may die elsewhere, but remain in the register of the host country and become 'statistically immortal'. The salmon bias hypothesis suggests that people with health problems are more likely to move back to their home region. 25, 36 This question has not been studied in Finland, but Karvinen 37 showed that people who move to Finland at an older age are least likely to return, which the author suggested to be a Nordic phenomenon. Even if emigration was not selected by health problems, unregistered emigration is possible in this sample as well and it is likely to be emphasized among migrants. According to the current legislation in Finland, people who emigrate can be removed from the FCPR only if they themselves give notification to their local register office. Based on the information on address and income, Statistics Finland has estimated that at the end of 2014 there were 8000 people registered in Finland who have probably emigrated. 38 This amount is so small that it would not explain the findings of this study.
Limitations
Even though the total sample was very large, the follow-up time was rather short and the number of deaths did not allow a more detailed analysis e.g. on the causes of death by the region of origin. Cause of death could not be defined to all participants. The indicator of SES may not be very reliable among migrants: they are more often categorized as 'others', because they are less often in employment and it is difficult to categorize them based on the education they have received in their country of origin.
Conclusions
Finland has a small, but rapidly increasing migrant population, which currently has lower mortality than the population born in Finland. It is possible that the lower rate is partly explained by selection from the migrants' countries of origin. On the other hand, health behaviour regarding substance use is less favourable among the Finnish-born population. In this study, deaths from alcohol-related conditions and external causes such as suicides were clearly less common among migrants. The findings give a more positive view of the health of the migrant population that is often considered disadvantaged. Health promotion and prevention of social exclusion is nevertheless important among migrants to prevent chronic diseases, alcohol-related problems and suicides that are common in Finland.
